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,QWURGXFWLRQ
$(& SURMHFWV LQKHUHQWO\ LQYROYH WKH FUHDWLRQ RI XQLTXH GHVLJQV WR VDWLVI\ RZQHU¶V DHVWKHWLF DQG IXQFWLRQDO
UHTXLUHPHQWVDQGFRQVWUXFWLRQSURFHVVHVWRFRQYHUWWKRVHGHVLJQVLQWRWDQJLEOHSURGXFWV,QPRVWFLUFXPVWDQFHVWKH
VWDNHKROGHUVLQYROYHGLQWKHSURMHFWFROODERUDWHWRDFKLHYHWKHUHTXLUHGRXWFRPHDQGRQFHWKHSURMHFWLVGHOLYHUHG
WKH\ GLVEDQG DQG PRYH RQ WR WKH QH[W SURMHFW 7KH XQLTXHQHVV RI WKH GHVLJQ FRQVWUXFWLRQ SURFHVVHV DQG WKH
LQKHUHQWO\XQFHUWDLQQDWXUHRI FRQVWUXFWLRQ UHTXLUHV FUHDWLYLW\ RQ WKHSDUW RI GHVLJQHUV DQG FRQVWUXFWRUV WR HQVXUH
VXFFHVVIXO H[HFXWLRQ RI WKH SURMHFW 7KH LQJHQXLW\ DQG H[SHULHQWLDO NQRZOHGJH SOD\V DQ LPSRUWDQW UROH LQ WKH
GHFLVLRQ PDNLQJ UHJDUGLQJ FRQVWUXFWLRQ PHDQV DQG PHWKRGV LGHQWLILFDWLRQ DQG LPSOHPHQWDWLRQ RI VROXWLRQV WR
SUREOHPV>@7KHFRQVWUXFWLRQSKDVHRIHYHU\SURMHFWJHQHUDWHVKDQGVRQH[SHULHQFHSUREOHPVROYLQJFDSDELOLWLHV
XQGHUVWDQGLQJ RI YDULRXVPHDQV DQGPHWKRGV DQG KLJKO\ FRQWH[WXDOL]HG VROXWLRQV >@ 7KH NQRZOHGJH JHQHUDWHG
WKURXJKRXWWKHOLIHF\FOHRIDSURMHFWLVRQHRIWKHPRVWLPSRUWDQWDVVHWVRIDQ$(&ILUP(IIHFWLYHFDSWXUHVWRUDJH
GLVVHPLQDWLRQ 'HVLJQ RQ DQG UHXVH RI WKLV NQRZOHGJH DUH FULWLFDO IRU WKH VXFFHVVIXO H[HFXWLRQ RI FRQVWUXFWLRQ
SURMHFWVDQGWKXVYLWDOIRUFRPSHWLWLYHQHVVDQGVXUYLYDORIWKHRUJDQL]DWLRQ>@

6\VWHPDWLF PDQDJHPHQW RI NQRZOHGJH FDQ KHOS LQ HQFRXUDJLQJ FRQWLQXRXV LPSURYHPHQW VKDULQJ WDFLW
NQRZOHGJH IDVWHU UHVSRQVH WR FXVWRPHUV GLVVHPLQDWLQJ EHVW SUDFWLFHV UHGXFWLRQ LQ UHZRUN >@$GGLWLRQDOO\ WKH
DGRSWLRQ RI VXFK SUDFWLFHV PD\ KHOS WUDQVIHU QHZ NQRZOHGJH WR LQQRYDWLYH SUDFWLFHV ZKLOH KHOSLQJ WR LPSURYH
SURMHFWSHUIRUPDQFHE\FRQWULEXWLQJWRDJUHDWHUXQGHUVWDQGLQJRILQQRYDWLRQNQRZOHGJH>@(IIHFWLYHPDQDJHPHQW
RIWKLVNQRZOHGJHLVFKDOOHQJLQJIRU$(&ILUPVRQDFFRXQWRIVHYHUDOUHDVRQV7KHSURMHFWVDUHRIWHQH[HFXWHGE\
WUDQVLHQWWHDPVWKDWFRPHWRJHWKHUIRUDSURMHFW7KHVHWHDPVDUHGLVEDQGHGDVVRRQDVWKHSURMHFWLVFRPSOHWH7KH
NQRZOHGJHJDLQHGFROOHFWLYHO\E\WKHJURXSRILQGLYLGXDOVSDUWLFLSDWLQJLQWKHGHVLJQDQGFRQVWUXFWLRQSURFHVVHVLV
VFDWWHUHG DFURVV SURMHFW WHDPV >@ 6RPHWLPHV WKH OHVVRQV OHDUQHG GXULQJ WKH SURMHFW DUH QRW SURSHUO\ FDSWXUHG
VWRUHG RU FRPPXQLFDWHG WR WKH SRWHQWLDO XVHU RI WKLV NQRZOHGJH >@ 7KLV UHVXOWV LQ WKH UHSHWLWLRQ RI DYRLGDEOH
PLVWDNHVZKLFKRIWHQKDYHGHOHWHULRXVFRQVHTXHQFHV WR WKHSURMHFWSHUIRUPDQFH0DQ\FRQVWUXFWLRQRUJDQL]DWLRQV
IDFHORVVRINQRZOHGJHZKHQHPSOR\HHVOHDYHWRSXUVXHRWKHURSSRUWXQLWLHVRQDFFRXQWRIUHWLUHPHQW([WUDFWLQJDQG
GRFXPHQWLQJ NQRZOHGJH SRVWKRF FDQ EH YHU\ FKDOOHQJLQJ EHFDXVH WKH LQIRUPDWLRQ RQ ZKLFK WKLV NQRZOHGJH LV
EDVHGLVH[WUHPHO\IUDJPHQWHG)RUH[DPSOHWKHLQIRUPDWLRQPD\EHVWRUHGLQGHVLJQGRFXPHQWVZKLFKPD\EHLQ
SURSULHWDU\IRUPDWV7KHOHVVRQVOHDUQHGLQNQRZOHGJHJHQHUDWHGGXULQJWKHGHVLJQUHYLHZSURFHVVPD\EHVWRUHGLQ
D SRUWDEOH GRFXPHQW ILOH IRUPDW $GGLWLRQDO NQRZOHGJH PD\ EH VFDWWHUHG DFURVV WKH RUJDQL]DWLRQ LQ YDOXH
HQJLQHHULQJ SURSRVDOV FKDQJH RUGHUV UHTXHVWV IRU LQIRUPDWLRQ E\ WKH FRQVWUXFWLRQ FRQWUDFWRUV WH[W GRFXPHQWV
UHVXOWLQJ IURP WKHSRVW SURMHFW UHYLHZV RUJDQL]DWLRQDO EHVW SUDFWLFHV HWF%XLOGLQJ ,QIRUPDWLRQ0RGHOV SURYLGH D
SODWIRUP WR SRWHQWLDOO\ LQWHJUDWH WKH GLVSHUVHG FRQVWUXFWLRQ LQIRUPDWLRQ ZLWK WKH GDWD ULFK WKUHH GLPHQVLRQDO
UHSUHVHQWDWLRQRIIDFLOLWLHV>@
1.1. A case for the use of BIM models for Knowledge Management
9LUWXDO 'HVLJQ DQG &RQVWUXFWLRQ 9'&  %XLOGLQJ ,QIRUPDWLRQ0RGHOLQJ DUH UHYROXWLRQL]LQJ WKH GHOLYHU\ RI
$(& SURMHFWV ,Q WKH ODVW GHFDGH %XLOGLQJ ,QIRUPDWLRQ0RGHOV KDYH EHHQ VXFFHVVIXOO\ XVHG WR HQKDQFH SURMHFW
SHUIRUPDQFH E\ LPSURYLQJ FRPPXQLFDWLRQ RI WKH GHVLJQ EHWZHHQ YDULRXV VWDNHKROGHUV E\ HQDEOLQJ WKH
LGHQWLILFDWLRQRIFODVKHVDKHDGRIWLPHE\HQDEOLQJWKHVLPXODWLRQRIWKHFRQVWUXFWLRQVHTXHQFHDQGLPSURYLQJWKH
FRPPXQLFDWLRQEHWZHHQYDULRXVFUDIW VXEFRQWUDFWRUV DQG WKHJHQHUDO FRQWUDFWRU%XLOGLQJ LQIRUPDWLRQPRGHOV DUH
LQKHUHQWO\ SDUDPHWULF GDWD ULFK REMHFW EDVHG UHSUHVHQWDWLRQV RI WKH IDFLOLW\ EHLQJ GHVLJQHG DQG FRQVWUXFWHG
$OWHUQDWHO\EXLOGLQJLQIRUPDWLRQPRGHOVFDQEHFRQFHSWXDOL]HGDVFHQWUDOL]HGLQWHUFRQQHFWHGGDWDVWRUHVZKLFKFDQ
FRQWDLQ GHVLJQ DQG VRPH FRQVWUXFWLRQ LQIRUPDWLRQ DERXW DUFKLWHFWXUDO VWUXFWXUDO0(3 DQG+9$& V\VWHPV7KLV
FHQWUDOL]HGDQGLQWHJUDWHGQDWXUHRIWKHGHVLJQLQIRUPDWLRQFDQSRWHQWLDOO\SURYLGHDYHU\FRQWH[WULFKSODWIRUPIRU
WKH FDSWXUH VWRUDJH DQGGLVVHPLQDWLRQRI WKHNQRZOHGJHJHQHUDWHGGXULQJ WKHGHVLJQ DQG FRQVWUXFWLRQSURFHVVHV
2QH RI WKH UHTXLUHPHQWV RI DQ HIIHFWLYH NQRZOHGJH PDQDJHPHQW V\VWHP LV LWV DELOLW\ LQ FRPPXQLFDWLQJ DQG
SUHVHUYLQJNQRZOHGJHHIIHFWLYHO\DFURVVYDULRXVVWDJHVRIDFRQVWUXFWLRQSURMHFW>@%,0PRGHOVFDQEHHIIHFWLYHLQ
WKLV UHJDUG EHFDXVH WKH\ VSDQ DQG HYROYH WKURXJK WKH HQWLUH GHVLJQ F\FOH IURP SURJUDPPLQJ WKURXJK WKH
FRQVWUXFWLRQ SKDVH $GGLWLRQDOO\ LW LV LPSRUWDQW WR FDSWXUH NQRZOHGJH DV VRRQ DV WKH NQRZOHGJH LV FUHDWHG RU
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LGHQWLILHGVRDVWRHQVXUHWKDWWKHUHLVQRORVVRIWKHJHQHUDWHGNQRZOHGJHGXHWRWLPHORVVRURWKHUFRQVWUDLQWV>@
%,0PRGHOVFDQEHWKRXJKWRIDVVWRUHVRINQRZOHGJH>@,QWKLVSDSHUZHSUHVHQWDPHFKDQLVPIRU³OLYH´FDSWXUH
DQGVWRUDJHRI WKH OHVVRQV OHDUQHGGXULQJDSURMHFWXVLQJEXLOGLQJ LQIRUPDWLRQPRGHOV7KLVSDSHU LVVWUXFWXUHGDV
IROORZV ILUVWO\SURYLGH DEULHIRYHUYLHZRI WKH WHFKQLTXHV DQGSURFHVVHV FXUUHQWO\XVHGE\ WKH$(& LQGXVWU\ IRU
NQRZOHGJHPDQDJHPHQW6HFRQGO\ZHUHYLHZSXEOLVKHGUHVHDUFKRQWKHVXEMHFW7KLUGO\ZHGHVFULEHDPHFKDQLVP
WRXVH%,0WRFDSWXUHDQGVWRUHH[WUDFWOHVVRQVOHDUQHG)LQDOO\ZHGLVFXVVDIUDPHZRUNIRULQWHJUDWLQJ%,0LQWR
H[LVWLQJ.0SURFHVVHVDQGVFRSHIRUIXUWKHUUHVHDUFK
5HYLHZRIWKH6WDWHRIWKH3UDFWLFH
$(&RUJDQL]DWLRQVDURXQGWKHZRUOGDUHUHFRJQL]LQJWKHFRPSHWLWLYHDGYDQWDJHLQPDQDJLQJWKHLUUHSRVLWRU\RI
.QRZOHGJH6RPHRI WKH WHFKQLTXHV FRPPRQO\XVHG LQFOXGH3RVW3URMHFW5HYLHZV&RPPXQLWLHVRI3UDFWLFH >@
GRFXPHQWDWLRQDQGGLVVHPLQDWLRQRIEHVWSUDFWLFHVOHVVRQVOHDUQHG>@H[SHUWGLUHFWRULHVDQGYDULRXVWRROVEDVHGRQ
LQWUDQHWVRU H[WUDQHWV3RVW3URMHFW5HYLHZV LV RQHRI WKHPRVW FRPPRQO\XVHG WRRO IRU FDSWXULQJ WKHNQRZOHGJH
JHQHUDWHGGXULQJWKHFRQVWUXFWLRQSURFHVV7KHVHUHYLHZVHVVLRQVDUHW\SLFDOO\FRQGXFWHGDWWKHHQGRIWKHSURMHFWWR
GLVFXVVWKHOHVVRQVOHDUQHGSUREOHPVDGGUHVVHGGXULQJWKHFRXUVHRIWKHSURMHFW>@7KLVSUDFWLFHVXIIHUVIURPWZR
NH\VKRUWFRPLQJV2IWHQWLPHVWKHNQRZOHGJHJHQHUDWHGLQWKHSURMHFWLVIRUJRWWHQE\WKHHQGRIWKHSURMHFWLIQRW
GRFXPHQWHGUHJXODUO\7KHSDUWLFLSDWLRQRIDOONH\SHUVRQQHOLVHVVHQWLDOIRUWKHVXFFHVVRISRVWSURMHFWUHYLHZV,Q
SUDFWLFHSURMHFWWHDPVDUHGLVEDQGHGEHIRUHWKHIRUPDOFRPSOHWLRQRIWKHSURMHFWDQGNH\SHUVRQQHOPRYHRQWRWKH
QH[WSURMHFW:LWKRXWDVLJQLILFDQWFRPPLWPHQWLQWHUPVRIRUJDQL]DWLRQDOWLPHDQGUHVRXUFHVWKHUHYLHZVPD\QRW
EHDQHIIHFWLYHWRRO(YHQZKHQWKHUHYLHZVDUHGRQHZLWKSURSHUFDUHWKHGLVVHPLQDWLRQDQGUHDOWLPHDFFHVVDUHD
FKDOOHQJH 7KHVH GRFXPHQWV PD\ QRW VHUYH DQ\ SXUSRVH LI WKH\ DUH SODFHG LQ DUFKLYHV WKDW DUH QRW HDVLO\ DQG
XQLYHUVDOO\ DFFHVVLEOH >@ &RPPXQLWLHV RI 3UDFWLFH DOVR NQRZQ DV NQRZOHGJH FRPPXQLWLHV DQG NQRZOHGJH
QHWZRUNV W\SLFDOO\FRQVLVWRI H[SHULHQFHGGHVLJQDQGFRQVWUXFWLRQSURIHVVLRQDOVZKRVKDUHH[SHUWLVH DQGSDVVLRQ
DERXW D GLVFLSOLQH VSHFLILF VXEMHFW 7KH\ XVXDOO\ SURYLGH D SODWIRUP IRU WKHLUPHPEHUV WR SRRO WKHLU H[SHULHQFH
H[SHUWLVHDQGLGHDVDQGWRILQGVROXWLRQV>@:HEEDVHGFRPPXQLWLHVRISUDFWLFHFDQSRROH[SHUWLVHRILQWHUDQG
LQWUDRUJDQL]DWLRQDOH[SHUWVIURPDURXQGWKHZRUOG7KHFDSWXUHDQGVWRUDJHRI OHVVRQV OHDUQHG LQHYHU\SURMHFW LV
DQRWKHUFRPPRQO\XVHGNQRZOHGJHPDQDJHPHQW WRRO2Q WKH ,QIRUPDWLRQ7HFKQRORJ\VLGH*URXSZDUH ,QWUDQHWV
DQG([WUDQHWVDUHVRPHRIWKHWHFKQRORJLHVWKDWDUHEHLQJXVHGWRVXSSRUWYDULRXV.0SURFHVVHV*URXSZDUHV\VWHPV
W\SLFDOO\ VXSSRUWFRPPXQLFDWLRQFRRUGLQDWLRQRIDFWLYLWLHVDQGNQRZOHGJHVKDULQJDPRQJJURXSVRISHRSOH IURP
PXOWLSOH RUJDQL]DWLRQV DQG JHRJUDSKLFDOO\ GLVSHUVHG ORFDWLRQV ,WV IXQFWLRQDOLW\ FDQ KHOS PDQDJH DQG WUDFN
LQIRUPDWLRQ GRFXPHQWV XVHUV DQG WKH DSSOLFDWLRQV WKH\ XVH 7KHVH V\VWHPV RIIHU WKH SRWHQWLDO WR PDLQWDLQ
WKH ࡰSURMHFW PHPRU\ >@ +RZHYHU JURXSZDUH V\VWHPV DUH QRW HIILFLHQW IRU WKH H[FKDQJH RI PRUH FRPSOH[
NQRZOHGJH>@
.05HVHDUFKLQ&RQVWUXFWLRQ
.QRZOHGJH 0DQDJHPHQW KDV UHFHLYHG D VLJQLILFDQW DWWHQWLRQ IURP WKH 86 FRQVWUXFWLRQ LQGXVWU\ DQG WKH
FRQVWUXFWLRQ UHVHDUFK FRPPXQLW\ ZRUOGZLGH RYHU WKH ODVW GHFDGH &DUULOOR HW DO >@ GHYHORSHG D IUDPHZRUN
,03D.7WRHQDEOH$(&RUJDQL]DWLRQVWRXQGHUVWDQGWKHEXVLQHVVLPSDFWRIWKHLU.0VWUDWHJLHV&KHQJHWDO>@
GHYHORSHG D WRRO &/(9(5B.0 WR SURYLGH D VWUXFWXUHG DSSURDFK WR .0 SUREOHP GHILQLWLRQ DQG VWUDWHJ\
IRUPXODWLRQ IRU DQ$(&RUJDQL]DWLRQ7VUHQJ>@ SUHVHQWHG DQ DFWLYLW\ EDVHG.QRZOHGJH0DQDJHPHQW V\VWHP IRU
FDSWXULQJWKHNQRZOHGJHJHQHUDWHGLQWKHFRQVWUXFWLRQSKDVH/LQHWDO>@SURSRVHGWKHXVHRINQRZOHGJHPDSVIRU
FDSWXUH DQG UHXVH RI NQRZOHGJH LQ FRQVWUXFWLRQ SURMHFWV DQG GHYHORSHG D IUDPHZRUN .QRZOHGJH 'RFXPHQW
0DQDJHPHQWIRUDZHEEDVHGSRUWDOZKLFKHQDEOHVWKHXVHUWRVHDUFKDQGUHDGFRQVWUXFWLRQGRFXPHQWVLQGLIIHUHQW
IRUPDWV7DQHWDO>@GHYHORSHGDZHEEDVHG.0V\VWHP&DSULQHWZKLFKDOORZVIRU³OLYH´FDSWXUHRINQRZOHGJH
ZKLFKFDQEHVXEVHTXHQWO\XVHGLQWKHVDPHSURMHFWDVZHOODVIXWXUHSURMHFWV5HVHDUFKHUVKDYHVWXGLHGWKHLVVXHV
DVVRFLDWHGZLWKWKHGHILQLWLRQIRUDSSURSULDWH2QWRORJLHVDQG7D[RQRPLHVIRUWKHRUJDQL]DWLRQDQGXVHIXOUHWULHYDORI
NQRZOHGJH>DQG@$VLJQLILFDQWDPRXQWRIUHVHDUFKKDVDOVRIRFXVHGRQWKH³SHRSOH´VWDWHRIWKH
SUDFWLFHDQGLPSOHPHQWDWLRQDVSHFWVRINQRZOHGJHPDQDJHPHQW>DQG@6ROLEOHPDQHWDO>@GLVFXVVHG
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ZHEEDVHGV\VWHPVGHYHORSHGE\WKH86$UP\&RQVWUXFWLRQ(QJLQHHULQJ5HVHDUFK/DERUDWRU\WRFROOHFWSHUVRQDO
H[SHULHQFHV DQG OHVVRQV OHDUQHG RQ SURMHFWV VXFFHVV VWRULHV DQG EHVW SUDFWLFHV DQG LQFRUSRUDWH WKHVH GDWD LQWR
FRUSRUDWH NQRZOHGJH &DOGDV HW DO >@ LGHQWLILHG HIIHFWLYH PDQDJHPHQW SUDFWLFHV DQG WHFKQRORJLHV IRU
LPSOHPHQWLQJOHVVRQVOHDUQHGSURJUDPVLQFRQVWUXFWLRQRUJDQL]DWLRQV

,WLVLPSRUWDQWWRQRWHWKDWWKHVRFLDOV\VWHPVVXFKDVFRPPXQLWLHVRISUDFWLFH/HVVRQV/HDUQHGSURJUDPV3RVW
3URMHFW5HYLHZVHWF IRUNQRZOHGJH VKDULQJDQG WKH ,QIRUPDWLRQ7HFKQRORJ\ WRROV IRU.0DUHFRPSOHPHQWDU\ WR
HDFK RWKHU 7KH LQIRUPDWLRQ JHQHUDWHG LQ D FRQVWUXFWLRQ SURMHFW UHVLGHV LQ YDULRXV IRUPDWV DFURVV RUJDQL]DWLRQDO
ERXQGDULHV'HVSLWHWKHLUOLPLWDWLRQV'DYHDQG.RVNHOD>@ZDUQDJDLQVWXQGHUHVWLPDWLQJWKHLPSDFWRI,QIRUPDWLRQ
7HFKQRORJ\,7WRROVIRUPDQDJHPHQWRI.QRZOHGJHLQ$(&RUJDQL]DWLRQV$PDMRULW\RIWKHSUREOHPVDVVRFLDWHG
ZLWKWKHXVHRI,7WHFKQRORJLHVVHHPVWREHDURXQGKRZLWLVLPSOHPHQWHGDQGPDQDJHGUDWKHUWKDQWKHFDSDELOLWLHV
RI,7WRROV,IXVHGLQFRQMXQFWLRQZLWK.0VWUDWHJLHV,7WRROVKDYHWKHFDSDELOLW\RISRVLWLYHO\LQIOXHQFLQJSURMHFW
SHUIRUPDQFH LQ WHUPV RI VFKHGXOH DQG FRVW VXFFHVV DQG TXDOLW\ DQG VDIHW\ SHUIRUPDQFH >@  ,Q WKLV SDSHU ZH
SURSRVHWKDW%,0PRGHOVFDQEHXVHGWRFDSWXUHNQRZOHGJHDVLWLVJHQHUDWHGWKURXJKRXWWKHGHVLJQDQGFRQVWUXFWLRQ
SURFHVVHV
&DSWXUHRI.QRZOHGJH
7KHSDUDPHWULFREMHFWRULHQWHGGHVLJQLVRQHRIWKHGHILQLQJFKDUDFWHULVWLFVRI%XLOGLQJ,QIRUPDWLRQ0RGHOV7KH
PRGHO FRQVLVWV RI REMHFWVZKLFK DUH GHILQHG E\ YDULRXV SDUDPHWHUV (DFK REMHFW LV QRW GHILQHG E\ WKH JHRPHWU\
DORQH EXW UDWKHU E\ SDUDPHWHUV 7KHVH SDUDPHWHUV DQG WKH SDUDPHWULF UHODWLRQVKLSV EHWZHHQ REMHFWV GHILQH WKH
EHKDYLRU RI WKH REMHFW LQVLGH WKH PRGHO 6RIWZDUH YHQGRUV W\SLFDOO\ SURYLGH D EDVLF VHW RI REMHFWV ZKLFK DUH
XQLYHUVDOO\ UHTXLUHG GXULQJ WKH VWUXFWXUDO DUFKLWHFWXUDO DQG PHFKDQLFDO V\VWHPV GHVLJQV RI D EXLOGLQJ ,Q WKH
$XWR'HVN5(9,7VRIWZDUHWKHVHREMHFWVDUHNQRZQDVSystem Objects2EMHFWVDUHFODVVLILHGLQYDULRXVIDPLOLHV
EDVHGRQWKHLUIXQFWLRQLQWKHVWUXFWXUH)RUH[DPSOHLQ$XWR'HVN5(9,7DW\SLFDOFRQFUHWHEHDPEHORQJVWRWKH
³&RQFUHWH5HFWDQJXODU%HDP´Family(DFKFRQFUHWHEHDPLVGHILQHGE\WZRSDUDPHWHUVWKDWGHILQHWKHGLPHQVLRQV
RI WKH EHDP EUHDGWK DQG GHSWK DQG D QXPEHU RI GHVFULSWLYH SDUDPHWHUV XQGHU WKH ,GHQWLW\ 'DWD FDWHJRU\
8QLIRUPDW ,, $VVHPEO\ &RGH 'HVFULSWLRQ 0RGHO 1R 0DQXIDFWXUHU ,QIRUPDWLRQ HWF :LWKLQ HDFK )DPLO\
PXOWLSOH³7\SHV´UHSUHVHQWLQJFRPELQDWLRQVRIZLGWKDQGGHSWKPD\EHFUHDWHG)RUH[DPSOH´;´DQG´;
´DUHWZRGLIIHUHQW2EMHFW³Types´ZLWKLQWKLV³Family”:KHQWKHREMHFWLVSODFHGZLWKLQDPRGHODQ³Instance´
RIWKHREMHFWLVFUHDWHG

)LJ,OOXVWUDWLRQRI2EMHFW+LHUDUFK\
,Q DGGLWLRQ WR WKH GHIDXOW SDUDPHWHUV GHILQHG LQ WKH VRIWZDUH WKH XVHU FDQ DOVR FUHDWH D XVHU GHILQHG ³6KDUHG
3DUDPHWHU´ DQG DVVRFLDWH LW ZLWK D VSHFLILF VHW RI REMHFWV LQ WKH %,0 PRGHO 7KHVH VKDUHG SDUDPHWHUV FDQ
VXEVHTXHQWO\ EH VKDUHG ZLWK RWKHU %,0PRGHOV )RU H[DPSOH D “Shared Parameter” FDOOHG ³/HVVRQV /HDUQHG
&RQFUHWH´ZDVFUHDWHGDQGDVVRFLDWHGZLWK6WUXFWXUDO&ROXPQVIDPLO\)LJXUH:KHQDQLQVWDQFHRIDVWUXFWXUDO
FROXPQLVFUHDWHGLQWKHPRGHOWKHVKDUHGSDUDPHWHULVGLVSOD\HGDVDSURSHUW\
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
)LJ6KDUHG3DUDPHWHUIRU6WUXFWXUDO&ROXPQV
7KH6KDUHG3DUDPHWHUVFDQEHGHILQHGHLWKHUDV³Instance Parameters´RUDV³Type Parameters´,I WKHVKDUHG
SDUDPHWHULVFUHDWHGDVDQInstance ParameterWKHLQIRUPDWLRQHQWHUHGWKHUHLQE\WKHXVHUZLOORQO\EHDYDLODEOHDW
WKDWSDUWLFXODULQVWDQFHRIEHDPV\VWHPLQWKHPRGHO2QWKHRWKHUKDQGLILWLVGHILQHGDVDType ParameterLWZLOO
EHDYDLODEOHWRHYHU\LQVWDQFHRIWKDWW\SHZKLFKH[LVWVLQWKHPRGHO(DFKRIWKHVWUDWHJLHVKDVLWVRZQDGYDQWDJHV
DQGSLWIDOOV7KHILUVWVWUDWHJ\GHILQLQJDVDQ³Instance Parameter´FDQDOORZIRUYHWWLQJWKHLQIRUPDWLRQEHIRUHLW
LVSXEOLVKHGWKURXJKRXWWKHPRGHOZKLOHWKHVHFRQGVWUDWHJ\DOORZVIRULQVWDQWDQHRXVGLVWULEXWLRQZLWKLQWKHPRGHO
$Q $(& ILUP FDQ GHYHORS VKDUHG SDUDPHWHUV VWUDWHJLFDOO\ DQG GHSOR\ WKHP WR DOORZ WKH XVHUV WR HQWHU WKH
LQIRUPDWLRQDVVRRQDVWKHXVHUOHDUQVVRPHWKLQJQHZXQLTXHGXULQJWKHGHVLJQRUFRQVWUXFWLRQSURFHVVHV
([WUDFWLQJ6WRUHG.QRZOHGJH
7KH6KDUHG3DUDPHWHUVFDQEHGHSOR\HGDVHDUO\DVWKHVFKHPDWLFGHVLJQSKDVH7KHOHVVRQVOHDUQHGDQGWKHQHZ
LGHDVJHQHUDWHGFDQEHH[WUDFWHGXVLQJWZRVWUDWHJLHV7KHRUJDQL]DWLRQFDQH[WUDFWDOOWKHNQRZOHGJHJHQHUDWHGDW
WKHHQGRIWKHSURMHFWYHWLWDQGVKDUHLWDFURVVWKHRUJDQL]DWLRQ7KLVVWUDWHJ\ZRXOGSRWHQWLDOO\FUHDWHDVLJQLILFDQW
ODJEHWZHHQNQRZOHGJHJHQHUDWLRQDQGLWVGLVVHPLQDWLRQ,QWKHVHFRQGVWUDWHJ\WKHRUJDQL]DWLRQFDQVHWPLOHVWRQHV
GXULQJ WKH GHVLJQ DQG FRQVWUXFWLRQ SURFHVVHV ZKHQ WKH NQRZOHGJH JHQHUDWHG DQG VWRUHG LQ WKH PRGHO FDQ EH
H[WUDFWHG7KLVZRXOGDOORZIRUDVKRUWHUODJLQGLVVHPLQDWLRQRINQRZOHGJHDQGVSXUFRQWLQXRXVLPSURYHPHQW

$VGLVFXVVHGSUHYLRXVO\D%,0PRGHOFDQEHFRQFHSWXDOL]HGDVDFHQWUDOL]HGREMHFWGDWDEDVH7KHNQRZOHGJH
VWRUHG LQ WKH GDWDEDVH FDQ EH H[WUDFWHG LQ WZR ZD\V $Q DSSOLFDWLRQ VSHFLILF SURJUDP FDQ EH ZULWWHQ XVLQJ WKH
DSSURSULDWH $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH $3, 7KLV FRXOG SRWHQWLDOO\ SURYH WR EH DQ HIIRUW WKDW UHTXLUHV
VLJQLILFDQW UHVRXUFHV IRU WKH LQLWLDO GHYHORSPHQW DQG XSNHHS WR VWD\ FXUUHQWZLWK WKH FKDQJLQJ$3, 7KH VHFRQG
HDVLHU DSSURDFK ZRXOG LQYROYH WKH XVH RI WKH ,QGXVWU\ )RXQGDWLRQ &ODVVHV ,)& IRU GDWD H[WUDFWLRQ 7KH ,)&
VSHFLILFDWLRQ LV DQ LQWHUQDWLRQDO SODWIRUP QHXWUDO VWDQGDUG VSHFLILFDWLRQ ,62  ZKLFK LV XVHG WR GHVFULEH
H[FKDQJH DQG VKDUH LQIRUPDWLRQ EHWZHHQ YDULRXV VRIWZDUH DSSOLFDWLRQV XVHG LQ WKH $(& LQGXVWU\ $XWR'HVN
5(9,7VRIWZDUHDOORZVWKHH[SRUWRIWKH%,0PRGHODVDQ,)&ILOHZKLFKLVDVWUXFWXUHG$6&,,SODLQWH[WILOH

7KH 6KDUHG 3DUDPHWHUV DQG WKH LQIRUPDWLRQ DGGHG E\ WKH XVHUV FDQ HDVLO\ EH H[WUDFWHG IURP WKLV ILOH  7KH
EDFNJURXQG LQIRUPDWLRQ RQ WKH SURMHFW FDQ EH H[WUDFWHG XVLQJ WKH LQIRUPDWLRQ DVVRFLDWHG ZLWK WKH UHOHYDQW
IfcPropertySingleValue DQG WKH DVVRFLDWHG IfcLabel. 7KH LQIRUPDWLRQ UHJDUGLQJ WKH ORFDWLRQ W\SH RZQHU QDPH
SURMHFW VWDJH QDPH RI WKH GHVLJQHU FDQ EH H[WUDFWHG IURP WKH ,)& ILOH7KLV LQIRUPDWLRQPD\ EH YDOXDEOH LQ WKH
IXWXUH WR ILQGPRUH LQIRUPDWLRQ DERXW WKH FRQWH[W LQZKLFK NQRZOHGJHZDV JHQHUDWHG2QFH WKH UHOHYDQW SURMHFW
UHODWHGLQIRUPDWLRQLVH[WUDFWHGWKHXVHUFDQH[WUDFWWKHOHVVRQVOHDUQHGLQQRYDWLYHLGHDVJHQHUDWHGLQWKHSURMHFW
7KLV LQIRUPDWLRQ ZLOO EH ORFDWHG LQ WKH IfcPropertySingleValue ‘/HVVRQVB/HDUQHGB&RQFUHWH¶ WKH FRUUHVSRQGLQJ
IfcLabel ZLOOSURYLGHWKH DFWXDO WH[WRI WKHOHVVRQOHDUQHG LQQRYDWLYH LGHD$GGLWLRQDOO\RQHFDQDOVRH[WUDFW WKH
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³/RFDWLRQ0DUN´RI WKHHOHPHQW7KLVZLOO LGHQWLI\WKHORFDWLRQRI WKDWSDUWLFXODUHOHPHQW LQ WKHPRGHO,IDQRWKHU
XVHUZDQWVWRJHWWKHFRPSOHWHFRQWH[WXQGHUZKLFKWKLVLQIRUPDWLRQZDVHQWHUHGWKH\FDQUHIHUWRWKH%,0PRGHO
7KHIROORZLQJILJXUHILJXUHVKRZVDVQLSSHWRIDQ,)&ILOHH[SRUWHGIURPWKHPRGHOVKRZLQJWKHOHVVRQVFDSWXUHG
DQGDVVRFLDWHGZLWKDVWUXFWXUDOFRQFUHWHFROXPQ


)LJ$6QLSSHWRIWKHH[SRUWHG,)&ILOH
&ODVVLILFDWLRQRIWKH*HQHUDWHG.QRZOHGJH
7KHH[WUDFWHGNQRZOHGJHIURPWKH%,0PRGHOFRQWDLQVOHVVRQVWKDWDUHDWWDFKHGWRVSHFLILFEXLOGLQJFRPSRQHQWV
DVVHPEOLHVLQWKHPRGHO7KHFODVVLILFDWLRQRIWKHNQRZOHGJHZLOOEHVSHFLILFWRWKHIXQFWLRQDOVSHFLDOL]DWLRQRIWKH
RUJDQL]DWLRQ7KHNQRZOHGJHFDQEHFODVVLILHGKLHUDUFKLFDOO\E\SKDVH LH'HVLJQ6FKHPDWLF 'HWDLOHG'HVLJQ
&RQVWUXFWLRQ,QWKHQH[WVWHSWKHVHOHVVRQVFDQEHFODVVLILHGEDVHGRQVSHFLILFVXEGLVFLSOLQH$UFKLWHFWXUDO&LYLO
6WUXFWXUDO0HFKDQLFDO6\VWHPV(OHFWULFDO6\VWHPV3OXPELQJ+HDWLQJ9HQWLODWLRQDQG$LU&RQGLWLRQLQJ6\VWHPV
$ FRQVWUXFWLRQ ILUP FRXOG IXUWKHU FODVVLI\ WKH NQRZOHGJH XVLQJ FDWHJRULHV VXFK DV  0HDQV DQG0HWKRGV &RVW
,QVWDOODWLRQHWF7KHRQWRORJ\DQGWD[RQRP\XVHGIRUWKHFODVVLI\LQJWKHNQRZOHGJHZLOOEHGHSHQGHQWRQWKHILUP¶V
VSHFLDOL]DWLRQ81,)250$7,,FODVVLILFDWLRQFDQEHXVHGWRFODVVLI\WKHOHVVRQVOHDUQHG)LJXUH)RUH[DPSOHD
GHVLJQILUP¶VFODVVLILFDWLRQRIWKHNQRZOHGJHJHQHUDWHGZLOOHQWLUHO\EHGLIIHUHQWIURPWKHFODVVLILFDWLRQRIDQ0(3
WUDGHFRQWUDFWRU$VWUXFWXUDOGHVLJQILUPZLOOOLNHO\EHPRUHLQWHUHVWHGLQWKHOHVVRQVFRQFHUQLQJWKHGHVLJQRIWKH
VWUXFWXUHFRVWLPSDFWRIWKHGHVLJQHWFDQGWKH\FODVVLI\OHVVRQVEDVHGRQWKHW\SHRIWKHVWUXFWXUH6WHHO&RQFUHWH
HWFWKHW\SHRIGHVLJQHOHPHQWEHDPVFROXPQVHWFZKHUHDVDQHOHFWULFDOVXEFRQWUDFWRUPD\EHPRUHLQWHUHVWHG
LQ WKH OHVVRQV RQ WKH GHVLJQ DQG LQVWDOODWLRQ RI HOHFWULFDO FRQGXLWV FDEOH WUD\V DQG HOHFWULFDO HTXLSPHQW LQ WKH
EXLOGLQJDQGKLVFODVVLILFDWLRQZLOOEHFDWHJRUL]HGDFFRUGLQJO\














119 Abhijeet Deshpande et al. /  Procedia Engineering  85 ( 2014 )  113 – 122 


















)LJ&ODVVLILFDWLRQRI/HVVRQV/HDUQHG
5HYLHZDQG9DOLGDWLRQ
7KH SURFHVV RI UHYLHZ DQG YDOLGDWLRQ FDQ EH SHUIRUPHG E\ VXEMHFW DUHD H[SHUWV LPPHGLDWHO\ DIWHU WKH OHVVRQV
OHDUQHGLQWKHSURMHFWDUHFODVVLILHG7KHREMHFWLYHRIWKLVSURFHVVLVWRHQVXUHWKHDFFXUDF\DQGDSSURSULDWHQHVVRI
WKHLQIRUPDWLRQ:KHQFODVVLI\LQJWKHLQIRUPDWLRQDVFRGHUHTXLUHPHQWEHVWSUDFWLFHRUOHVVRQVOHDUQHGWKHH[SHUW
FKHFN IRU WKHFRUUHFWQHVVDQGFRPSOHWHQHVVRI WKH OHVVRQVDGGHG$Q\DGGLWLRQDOGHWDLOVQHFHVVDU\ OLNH WKHH[DFW
UHIHUHQFHWR WKHFRGHFRGHVHFWLRQDQ\DGGLWLRQDOFRPPHQWH[SODLQLQJWKHOHVVRQDUHDGGHGE\WKHH[SHUWVGXULQJ
WKLVSKDVH7KHH[SHUWVDOVRGHFLGHRQZKLFKOHVVRQVDUHXVHIXODQGFDQEHUHXVHG'HSHQGLQJXSRQWKHVL]HRIWKH
SURMHFW WKH UHYLHZ DQG YDOLGDWLRQ FDQ EH SHUIRUPHG DIWHU WKH FRPSOHWLRQ RI WKH SURMHFW IRU VPDOO DQG PHGLXP
SURMHFWVIRUODUJHSURMHFWVLWLVDGYLVDEOHWRSHUIRUPWKLVSURFHVVDIWHUWKHFRPSOHWLRQRIHDFKVWDJHLQWKHSURMHFWRU
RQFHDIWHUDVSHFLILHGSHULRGRIWLPHLQWHUYDORUDIWHUFRPSOHWLRQRIHDFKPLOHVWRQH(DFKRSWLRQKDVLWVDGYDQWDJHV
DIWHUWKHFRPSOHWLRQRIHDFKVWDJHWKHOHVVRQVVSHFLILFWRWKDWVWDJHFDQEHFROOHFWHGDQGUHYLHZHGIRUUHYLHZDIWHUD
VSHFLILHG SHULRG RI WLPH WKH SURFHVV ZLOO DOZD\V EH FDUULHG RXW DFFRUGLQJ WR D VFKHGXOH DQG WKH H[SHUWV DQG
PDQDJPHQW FDQ SODQ DFFRUGLQJO\ 6LPLODUO\ UHYLHZ FRQGXFWHG DIWHU HYHU\ PLOHVWRQH ZLOO KDYH DOO WKH OHVVRQV
FROOHFWHGIRUHYHU\PLOHVWRQH'HSHQGLQJXSRQWKHRUJDQL]DWLRQ¶VFXOWXUHDQGPDQDJHPHQW¶VSUHIHUHQFHWKLVUHYLHZ
PD\EHVFKHGXOHG2QFHYDOLGDWHGDOOWKHXVHIXONQRZOHGJHLVWKHQGLVVHPLQDWHG
'LVVHPLQDWLRQ
,QRUGHUIRUWKHSURFHVVGHVFULEHGDERYHWR\LHOGEHQHILWVWKHNQRZOHGJHFDSWXUHGXVLQJ%,0PRGHOVLWQHHGVWR
EH VWRUHG LQ D FHQWUDOL]HG GDWDEDVHZKLFK XVHUV FDQ DFFHVV (DFK XVHU VKRXOG EH DVVLJQHG D VSHFLILF UROH VR WKDW
LQIRUPDWLRQLVPDGHDYDLODEOHWRWKHXVHUEDVHGRQWKHLUUROHDQGUHVSRQVLELOLW\LQWKHSURMHFWDQGWKHRUJDQL]DWLRQ
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HQVXUH DQ HIILFLHQW GLVVHPLQDWLRQ RI WKH NQRZOHGJH JHQHUDWHG $ UHSUHVHQWDWLYH VFKHPD RI WKH WDEOHV LQ VXFK D
UHODWLRQDOGDWDEDVHLVVKZRQEHORZ7KHXVHUVFDQTXHU\WKHGDWDEDVHXVLQJDZHELQWHUIDFHDQGTXLFN\DFFHVVWKH
UHOHYDQW NQRZOHGJH LQIRUPDWLRQ DERXW WKH SURMHFW ZKHUH WKLV NQRZOHGJH ZDV JHQHUDWHG WKH FRQWULEXWRU SURMHFW
WHDP HWF 7KH VFKHPD VKRZQ LQ WKH IROORZLQJ ILJXUH ILJXUH  FDQ EH H[WHQGHG EDVHG RQ RUJDQL]DWLRQDO
UHTXLUHPHQWV












)LJ'DWDEDVH
%XLOGLQJ,QIRUPDWLRQ0RGHOVDQG.QRZOHGJH0DQDJHPHQW
7KHIROORZLQJILJXUHILJXUHGHVFULEHVDFRQFHSWXDOIUDPHZRUNIRUXVLQJWKHPHWKRGGHVFULEHGLQWKLVSDSHUIRU
HQKDQFLQJ.QRZOHGJH0DQDJHPHQW6\VWHPVLQDQ$(&RUJDQL]DWLRQ

)LJ&RQFHSWXDO)UDPHZRUN
7KHLGHDVGHVFULEHGLQWKLVSDSHUFDQEHLPSOHPHQWHGDVIROORZV

&UHDWHDQGGHSOR\DSSURSULDWH6KDUHG3DUDPHWHUVSUHIHUDEO\DWWKHEHJLQQLQJRIWKHPRGHOLQJSURFHVV
$VQHZOHVVRQVDUHOHDUQHGNQRZOHGJHLVJHQHUDWHGWKURXJKGHVLJQUHYLHZVHUURUVDQGRPPLVVLRQVUHTXHVW
IRULQIRUPDWLRQIURPFRQWUDFWRUVDQGXQLTXHVLWXDWLRQVHQFRXQWHUHGDWWKHVLWHWKHVHFDQEHVWRUHGLQWKH%,0
PRGHO
([SRUWWKH%,0PRGHOLQWKH,)&IRUPDWDWYDULRXVVWDJHVRIWKHGHVLJQSURFHVVDQGGXULQJWKHFRQVWUXFWLRQ
SKDVH
([WUDFWWKH/HVVRQV/HDUQHGLQQRYDWLYHLGHDVJHQHUDWHGLQWKLVSURFHVV
&ODVVLI\WKHOHVVRQVOHDUQHGQHZLGHDVJHQHUDWHG7KLVLQIRUPDWLRQLVWKHQFODVVLILHGDQGYHWWHGE\H[SHUWVLQ
WKHVXEMHFWDUHD
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$IWHUWKLVWKHNQRZOHGJHJHQHUDWHGFDQEHSXEOLVKHGWRRWKHU%,0SURMHFWVLQWKHRUJDQL]DWLRQXVLQJSURMHFW
VWDQGDUGV

$W WKH VDPH WLPH WKH .QRZOHGJH FDQ EH DUFKLYHG IRU IXWXUH XVH LQ D GDWDEDVH 7KLV GDWDEDVH FDQ FRQWDLQ
LQIRUPDWLRQDERXQWSURMHFWWHDPOHVVRQVOHDUQHGDQGDOLQNWRWKHORFDWLRQRIWKH,)&ILOH7KH,)&ILOHFDQEHHDVLO\
YLHZHG E\ IUHH VRIWZDUH VXFK DV WKH 6ROLEUL 0RGHO &KHFNHU  $V PDQ\ H[SHUWV KDYH SRLQWHG RXW LQIRUPDWLRQ
WHFKQRORJ\LVRQO\RQHRIWKHWRROVIRUHIIHFWLYHNQRZOHGJHPDQDJHPHQWLQDQRUJDQL]DWLRQ%,0PRGHOVVKRXOGEH
XVHGLQFRQMXQFWLRQZLWKRWKHU.0PHWKRGVVXFKDV&RPPXQLWLHVRI3UDFWLFHWRJHWLWVIXOOEHQHILW
&RQFOXGLQJ5HPDUNV
.QRZOHGJH0DQDJHPHQWLVRQHRIWKHFULWLFDOVWUDWHJLHVIRULPSURYLQJWKHSHUIRUPDQFHRI$(&RUJDQL]DWLRQVE\
HQDEOLQJ WKH FDSWXUH RI OHVVRQV OHDUQHG EHVW SUDFWLFHV DQG LQQRYDWLYH LGHDV DQG VROXWLRQV %XLOGLQJ ,QIRUPDWLRQ
0RGHOV FDQ EH OHYHUDJHG WR LPSURYH WKH HIIHFWLYHQHVV RI H[LVWLQJ .0 SUDFWLFHV 7KH FHQWUDOL]HG DQG LQWHJUDWHG
QDWXUHRIWKHGHVLJQLQIRUPDWLRQLQ%,0PRGHOVFDQSURYLGHDYHU\FRQWH[WULFKSODWIRUPIRUWKHFDSWXUHVWRUDJHDQG
GLVVHPLQDWLRQ RI WKH NQRZOHGJH JHQHUDWHG GXULQJ WKH GHVLJQ DQG FRQVWUXFWLRQ SURFHVVHV $ PHWKRGRORJ\ IRU
OHYHUDJLQJWKHLQKHUHQWO\REMHFWRULHQWHGSDUDPHWULFQDWXUHRI%,0PRGHOVIRUFDSWXULQJOHVVRQVOHDUQHGLQQRYDWLYH
LGHDVDQGNQRZOHGJHJHQHUDWHGGXULQJGHVLJQDQGFRQVWUXFWLRQSURFHVVHVLVSUHVHQWHGLQWKLVSDSHU$IUDPHZRUN
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